This investigation was conducted to study the impacts of using sewage sludge at different concentrations (0, 10, 25, 50, 75%) 
INTRODUCTION
Over the past few decades, urban water supplies have improved considerably in developing countries and which has also increased the problem of waste water disposal. Reuse of effluent and sludge, resulting from the sewage treatment, in agriculture seems attractive as it offers a solution of other problems beside the problem of disposal, such as the scarcity of conventional water resources and the poor physical and chemical properties of soil. Use of sewage sludge in manuring the newly reclaimed desert lands is expected to be of special benefit because of the soil improving effect on physical and chemical properties of the sludge. Also, sewage sludge primary constituents, e.g., organic matter, phosphorus and nitrogen are agronomically beneficial to the crop growth. The addition of sludge to the soil generally promotes plant growth more than the commercial fertilizer. Christodoulos and Margarita (1996) showed that plant height increased in maize individuals by 77% in the sludge amended treatment compared to 25% in the case of the commercial fertilizer. As previously mentioned, one of the most important concerns of using sewage sludge in agriculture is the uptake of toxic metals by the plants and hence, entrance to food chain and eventually, exposure of human health to danger due to stepwise concentration of these metals as they proceed through food chain stages. Metals such as Pb and Cd are known to be cumulative toxins that can affect the warm blooded animals and mammals (zootoxicity). Concentrations of Pb and Cd were found to be higher in the liver and kidneys of the animals (Birley and Lock 2001) exposed to the pollutants than those that were not. Dietary intake of heavy metal-contaminated crop plants affect human health in the long term by damaging the nervous, pulmonary and renal systems (Aoshima et al., 2003) . The objective of this work was to study the potential impacts of using sewage sludge in manuring newly reclaimed desert lands on the physical and chemical properties of soil. Another important objective of this study was to explore the potential hazards of contamination of reclaimed soil by heavy metal concentrated in sewage sludge and it's probable negative consequences on the crop productivity and general human health.
MATERIALS AND METHODS

Plant material
Two plant species, namely, wheat (Triticum vulgare cv. Giza 168) and jews mallow (Corchorus olitorius) were chosen in this study.
Treatment of plants by growth on sewage sludge amended-soil
Air-dried sewage sludge was collected from the sewage treatment station of El-deer, Sohag city. In this station, sewage sludge resulting from the sewage treatment is disposed in drying beds and left to dry under the sun. The sewage sludge was collected randomly from dry material from all the drying basins, was further air-dried, crushed to pass a 2 mm sieve, and kept for preparation of culture mixture, the dry sludge was mixed with sand soil to have five sludgesoil mixtures with sludge representing 0, 10, 25, 50, and 75% of the mixtures. The soil mixture with ratio 0% served as the control treatment. Ten grains of wheat or twenty seeds of jews mallow were germinated on the soil-sludge mixtures in plastic pots (25 cm in diameter and 30 cm in depth). Each pot contained two kilograms of the mixture. During the germination and growth, plants were watered with tap water every other day. Whenever needed, all the pots received equal volume of water. Plants were supplied with a half strength Hoagland nutrient solution (Hoagland and Arnon 1950) every alternate week. After eight weeks, all wheat and jews mallow plant material were sampled for analysis. All jews mallow plants were cut while, in case of wheat experiments three plants were left to continue the growth till seed setting.
Analysis of soil (desert and sludge soil)
Physical analysis For mechanical analysis of soil, the pipette method described by Richards (1954) was followed. Water holding capacity was determined using the standard methods outlined by Dewis and Freiteas (1970) .
Chemical analysis
Organic matter (OM) was determined following the method of Jackson (1967) . Soil reaction was in a 1: 2.5 soil-water suspension using a pH meter (Jackson 1967) . Total soluble salts were determined in a 1: 2.5 soil-water extract by measuring the electrical conductivity (EC) of the solution (Jackson 1958) . Available potassium was extracted using 1mole neutral CH 3 COONH4 and measured with Atomic Absorption Spectrophotometr (Perkin-Elemer 3300). Total nitrogen content of the sewage sludge was determined after digestion with H 2 SO 4 -HCLO4 mixture (Jackson 1967) . Available phosphorus was extracted with NaHCO 3 and measured as described by Olsen and Sommers (1982) . The heavy metals (Cd, Pb, Cu and Zn) were extracted with DTPA (diethylene triamine penta acetic acid) and measured with Atomic Absorption Spectrophotometr (Perkin-Elemer 3300) using the methods of Lindsay and Norvell (1978) .
Analysis of the plant materials
At the end of the experimental period, samples subjected to the mixtures of sand soil and sludge (three replicates) were rapidly washed in the tap water and dried in an air-oven at 70 o C to determine fresh and dry weights as well as to carry out the chemical analysis. The photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) of the plants were determined using the spectrophotometeric method recommended by Metzner et al., (1965) . Watersoluble sugars were determined using a known weight of the powdered tissue which was hydrolyzed in the distilled water for two hours in a boiling water bath. After cooling, the hydrolyte was filtered and filtrate was made up to a known volume,in which the water-soluble saccharides were determined by the anthrone sulphuric acid method (Fales 1951) . To estimate the soluble proteins, powdered tissue samples were boiled in distilled water for two hours. After cooling, the extract was centrifuged and supernatant was decanted and made up to known volume with distilled water. The insoluble protein residue remaining after the extraction of the water-soluble fraction was treated with NaOH. The plant protein content was determined according to Lowry et al. (1951) , using bovine serum albumin as standard. Proline was extracted according to the method of Bates et al. (1973) . Free amino acids were extracted from the plant tissues and determined according to the method of Moore and Stein (1948) . A known weight of dry matter samples (0.5 g) was prepared for Atomic Absorption flame Spectrophotometer (Perkin-Elmer 3300). Cd, Pb, Cu and Zn were determined for all the plants material (shoot and root of jews mallow and grain of wheat) using the methods of Lindsay and Norvell (1978) .
Data analysis
Data presented are means T-standard deviation for three replicates.
RESULTS AND DISCUSSION
Soil analysis
Soil physical and chemical properties Results of this study, generally, indicated improvement in desert soil texture due to the addition of sewage sludge ( Table 1 ). The used desert loamy sand soil changed gradually to loamy with continuous addition of the sewage sludge. Loamy soil has lower ratio of sand and higher ratio of silt and clay than that of loamy sand. The water holding capacity (Table 2 ) of soil with 75 % sewage sludge was 3-4 times higher than that of untreated soil. The general properties namely, pH, electrical conductivity (EC) and organic matter (OM) of the sewage sludge, desert soil, and their mixtures used are presented in Table 3 . In general, adding sewage sludge to the desert soil increased the organic matter contents and lowered pH value in the resulting mixtures. The values of organic matter and pH in these mixtures depended on sewage sludge ratio in the mixture and the highest EC value was attained in soil mixture with 75% sewage sludge (1.14 mmho/cm). Sewage sludge used in this study compared to desert soil was found to have higher levels of N, P, and K than in the desert soil (Table 3 ). The contents of these elements in sewage sludge were greater than those in desert soil by 60, 300, and 50% respectively. The analysis for heavy metal content in sandy soil and sewage sludge revealed that all the tested heavy metals were several times higher in pure sludge compared to pure sandy soil (Table 3) . .In pure sludge, for example, Cd was four times, Cu was 1.8 times, Pb was 2.1 times and Zn was around 1.4 times higher than their counterparts in sandy soil. The soil content of DTPA-extractable Cd, Cu, and Pb increased as the sludge application rates increased. The values of DTPA-extractable metals (Cd, Cu, Pb, and Zn) at the highest application rate (75%) compared with the control soil were 3.4 fold for Cd, 1.86 fold for Pb, 1.6 fold for Cu and 1.3 fold for Zn. The physical and chemical properties of soil (Tables 1-3) showed the effect of adding sewage sludge to the desert soil. The water holding capacity of the employed desert soil clearly increased due to its amendment by sewage sludge. Sandy soil with many " large " particles drains well and is rather dry, whereas smaller particles like clay and silt do not drain well and retain water longer. Many papers have been published on the beneficial effects of sewage sludge amendment on crop yield and some physical and chemical properties of soil , such as improved soil structure, increased soil moisture and porosity, provision of plant nutrients, increased humus content and cation exchange capacity (Barzegar et al., 2002; Speir et al., 2003) . The incorporation of organic materials, such as sewage sludge, into soil also promotes its biological activity (Saviozzi et al., 1999) . In this study, the chemical analysis of sewage sludge showed that the pH was neutral (7.1). High organic matter content (15.4 %) helped in improving the physical and chemical properties of sandy desert soil (Veeresh et al., 2003; GarciaGil et al., 2004) . Hence, the lowness observed in pH values could be a result of both; dissolution of CaCO 3 and the effect of organic acids of sewage sludge. In this study, the highest EC value was attained in soil mixture with 75% sewage sludge and it was 1.14 mmho/cm. Also, sewage sludge used in this study compared to desert soil was found to have higher levels of N, P, and K than in desert soil, hence, the contents of these elements gradually increased as the ratio of sewage sludge increased in sewage sludge desert soil mixtures. The main problems of an excessive application of sewage sludge are plant toxicity due to the accumulation of heavy metals in soils (McGrath et al., 2000) but also the increase in its salt content (Hao and Chang, 2003) . Sewage sludge metal contents could be arranged in the following order according to their contents; Zn > Cu > Pb > Cd. Comparing with metal contents of other municipal sewage sludge compost of different countries in Europe (Cottenie et al., 1982) , the content of sewage sludge of El-deer station, located five kilometres west of Sohag city was still within the normal range or lower. Chaney and Ryan (1993) considered that sludge containing > 2000 ppm Zn, > 800 ppm Cu, and 0.5 % Cd/Zn should not be applied to agricultural land. The sludge used in this study contained very lower amounts than the give toxic levels. This showed that the metal equivalent was much lower than the critical value. The USEPA (1993) proposed criteria for sewage sludge application, and consequenclly the levels used in this study were below the critical limits and therefore there were no hazard due to use of this sludge. Tietijen (1975) gave the following values of the tolerable contents of heavy metals in the soil; 100 ppm for Pb or Ni, and 5 ppm for Cd.
Comparing these values with the present results ( Table 3 ) it was found that at the highest application rate (75%) of sewage sludge to sandy soil, the metal values were lower than the suggested tolerable levels. The possible combinations of soil types and plant species are very large, thus the variety of both plants and soils must be considered for the optimum use of sewage sludge as a fertilizer (Schmidt, 1997) . For example, some studies indicated that sewage sludge application could be useful for cereal crops grown in different soils (Christie et al., 2001; Barzegar et al., 2002) . Table 1 -Effect of addition of various ratios of sewage sludge to desert soil on some physical properties of that soil (particle size distribution and texture grades of the studied soils). (1) 0% SS; (2) SS -Sewage sludge. 
Coarse sand
Plant tissue analysis
Growth represented in fresh and dry weights
Results of the effects of cultivation of the plants on desert soil amended with sewage sludge on the growth of the plants are summarized in Figure 1 . Both the plants showed significant effects as the ratio of sewage sludge increased in mixture until 50% ( Fig. 1a-d (Zasoski et al., 1983) . According to Chaney et al, (1978) , the crops may suffer yield reductions even when metal phytotoxicity is not visually indicated. In this study, the performance of the studied physiological parameters in the tested plants was generally improved or at least was unaffected. The physiological performance was reflected in enhancing the dry matter yield in these plants, which was almost identical to that seen in Zea mays, Corchorus, Eruca, Raphanus and Spinacia (Mazen, 1995 and 2003) , or in Hordeum vulgare L. (Antolín et al., 2005) . The higher yields in sludge treated crops are usually attributed to an improvement in the soil conditions, by the supply of additional carbon from the sludge (Christie et al., 2001) .
Photosynthetic pigment content
The responses of tissue content of photosynthetic pigments fractions (chlorophyll a, chlorophyll b, carotenoids) in wheat and jews mallow growing on desert soils with sewage sludge are presented in Figure 2 . The content of photosynthetic pigments were enhanced in response to the presence of sewage sludge. The enhancement in pigment content continued to slightly rise in parallel to raising the sludge content in soil up to 50%, when the total pigment content of the leaves of wheat and jews mallow plants increased by 1.5 and 1.23-fold compared with controls, respectively. After that no further effect was observed for higher sludge in soil.
No toxicity or deficiency symptoms were observed in sewage sludge amended plants but contrary to the expectations, the cultivation of test plants on sewage sludge amended desert soil generally showed higher chlorophyll content. This was almost identical to that seen in Corchorus, Daucus, Eruca, Lactuca, Raphanus and Spinacia (Mazen, 2003) and in Zea mays (Mazen, 1995) .
Tissue carbohydrate content Figure 3 shows the carbohydrate contents (soluble, insoluble, as well as total) of the shoots and roots of wheat and jews mallow plants treated and untreated with sewage sludge. The test plants grown under different concentrations of sewage sludge induced considerable variations in their carbohydrate contents. The variations depended on the sewage sludge level applied in the soil. The type and extent of effect of growing plants on sewage sludge-amended soil on carbohydrate metabolism depended on the plant species and the plant organ. In wheat plants, for example, content of both the fractions of carbohydrate in shoot system was meagerly reduced in response to growth on sewage sludge containing soil (Fig. 3a) . These fractions however, were slightly enhanced in root system of this plant (Fig. 3b) . In jews mallow, the levels of soluble and insoluble fractions of carbohydrate increased in the sludge-supplemented soil. The effect was weaker in root system compared to shoot system ( Fig. 3c-d ).Bearing in mind that leaf total soluble sugars amounts depended primarily on photosynthesis, the percentage of sugar in Phyllanthus amarus plants decreased by Cd (Rai et al., 2005) . This finding was also supported by Narwal and Singh (1993) . They have reported decreased concentration of reducing and non-reducing and total sugars as a result of heavy metal supply in different plant species. This could be attributed to reduced activity of net photosynthetic rates due to high metal concentration. 
Tissue protein content
In order to test the interactive effects of the application of sewage sludge to sandy soil on shoot and root protein content, resulted are shown in Figure 4 . Sewage sludge-treated shoot of wheat plant revealed a significant increase in the soluble protein content, while insoluble one, more or less was unaffected in respect to the control. The total protein content of sewage sludge-treated shoot of wheat plant was positively affected (Fig. 4a) . Also, the soluble and insoluble protein content of sewage sludge-treated wheat plant roots increased with increasing the sewage sludge concentrations (Fig. 4b) . Sewage sludge-treated shoot of jews mallow plant revealed a significant increase in the soluble and insoluble protein contents, while insoluble protein, was less affected than the soluble one in respect to the controls. The total protein content of sewage sludge-treated shoot of jews mallow plant was positively affected (Fig.  4c) . The root insoluble protein content fractions (soluble, insoluble as well as total) in the roots of sewage sludge-treated jews mallow plant significantly increased with increasing sewage sludge concentrations (Fig. 4d) . For example, root soluble protein content increased by 1.2-fold when treated with 75% sewage sludge compared with the control. But it was noteworthy that in both shoot and root, the total protein content at 75% sewage sludge was less than that of 50% sewage sludge (Fig. 4d) . Protein synthesis is essential for normal cell proliferation, differentiation and growth. A variety of environmental factors have been reported to influence the synthesis of plant proteins (William, 1989) . In support to sewage sludge results, Mazen (2003) reported that the cultivation of plants (Corchorus, Eruca, Raphanus, Daucus, Lactuca and Spinacia) on sewage sludge amended soil was generally enhanced the total soluble proteins. In Zea mays, total soluble proteins also increased (Mazen, 1995) . This was expected, because the used sewage sludge was fresh and, hence, rich in nitrogen. 
Tissue content of amino acids Total free amino acids
The changes in the contents of free amino acids, other than proline were also followed in shoots and roots of wheat and jews mallow plants (Fig.  5) . It was seen that in wheat plant, the contents of total free amino acids (including only traces of proline and hydroxyl proline) of shoots and roots decreased when treated with 10 and 25% sewage sludge in comparison with their controls. In respect to 50% sewage sludge, total free amino acids of shoot were less than their control, but in root, total free amino acids were the same as of their control. In contrast, total free amino acids of both shoot and root of wheat plant treated by 75% sewage sludge were higher than that of their controls ( Fig. 5a-b) . In jews mallow plant, the contents of total free amino acids in shoots and roots decreased when treated with 10, 25 and 50 % sewage sludge in comparison with their controls. In the roots of jews mallow plant treated with 10, 25 and 50 % sewage sludge, the total free amino acids were the same values, but in the shoots, total free amino acids were less in the plant treated with 25% sewage sludge than that of 10 and 50% sewage sludge. In contrast, total free amino acids of shoot and root of jews mallow plant treated by 75% sewage sludge were higher than that of their controls (Fig. 5c-d) .
Total free amino acids especially proline accumulate in plants, due to heavy metal stresses (Leskó et al., 2002; Siripornadulsil et al., 2002; Faheed 2005) . Cd stress could lead to protein degradation via amino acid catabolism resulting from a general reduction ofplant development. In this aspect, osmotic adjustment may be associated with the increase in proline and polyamine contents of plant cells (Yancey et al., 1982) . Proteins are hydrolyzed into a mixture of free amino acids and small peptides by a concerted action of proteases and peptidases (Ranki et al., 1990) . However, on being subjected to environmental stresses altered behaviour of proteolytic enzymes and modulation in the level of proteins and free amino acids is observed (Shah and Dubey, 1998a) .
Proline content
Proline content of sewage sludge treated and untreated shoot and root of wheat and jews mallow plants are shown in Figure 6 . All the concentrations of sewage sludge caused significant decrease in proline content except at 75% which was higher than that of other concentrations (10, 25 and 50%).One mechanism by which many plants and algae respond to detoxify the toxic heavy metals is the production of proline (Shah and Dubey, 1998b; Mehta and Gaur, 1999; Verma, 1999) . The accumulation of proline in stressed plants is associated with the reduced damage to the membranes and proteins (Shah and Dubey, 1998b; Verma, 1999) . Proline synthesis has been implicated in the alleviation of cytoplasmic acidosis and may maintain NADP/NADPH ratios at values compatible with metabolism (Hare and Cress, 1997) . Rapid catabolism of proline upon relief of stress also may provide reducing equivalents that support mitochondrial oxidative phosphorylation and the generation of ATP for recovery from stress-induced damage (Hare and Cress, 1997) . However, there has been much disagreement regarding the mechanism(s) by which proline reduces the heavy metal stress. Free proline has been proposed to act as an osmoprotectant (Taylor, 1996) , a protein stabilizer (Shah and Dubey, 1998b) , an inhibitor of lipid peroxidation (Mehta and Gaur, 1999) , a hydroxyl radical scavenger (Smirnoff and Cumbes, 1989) , and a singlet oxygen scavenger (Alia et al., 2001) . It is evident that there is no clear consensus regarding the mechanism(s) by which proline reduces the heavy metal stress. Tables 4 and 5 show the metals content in the shoots, roots and grains of wheat plant in the shoots and roots of jews mallow plant respectively. In the test plants tissues, the concentrations of all metals increased with the increased ratio of sludge in soil mixtures, showing, the rate of sludge application strongly influenced the metal content of these plants. The accumulation of elements was generally higher in the root than in the shoot system, except for Zntreated wheat which was nearly equal in both. It is noteworthy that in wheat plant, Cd and Cu levels increased by 1.84 and 2.11 times in the shoots and by 8.15 and 3.03 times in the roots, respectively. Pb and Zn levels increased by 1.15 and 1.19 times in the shoots and 1.37 and 1.13 times in the roots but only when treated by 75% sewage sludge. The accumulation magnitude of the elements in the grains (Table 4 ) was generally less than that in the shoots and roots of wheat plant. At 75% sewage sludge treated-wheat plant, the content of Cd and Cu increased by 3. and 1.53 times in the grains, respectively, but Pb and Zn increased by 1.12 only in comparison with their controls. It was noteworthy that in jews mallow plant, Cd and Cu levels increased by 3.85 and 1.88 times in the shoots and by 3.64 and 1.91 times in the roots, respectively. Also, Pb and Zn levels increased by 1.18 and 1.19 times in the shoots, but by 1.23 and 1.1 times in the roots when treated by 75% sewage sludge.
Tissue heavy metal content
It is deceptive to assess the application of sludge for crop production on the basis of physiological performance in a plant irrespective of the extent of the ability of this plant to accumulate the heavy metals. A plant may be able to accumulate high levels of toxic metals and its physiology may tolerate these levels and end up with a good yield. The uptake and concentration of heavy metals by the plants due to cultivation on sludge amended soils seems to be an inevitable process. Previous studies have reported the accumulation of toxic metals in different plants and tissues after their growth on sludge-amended soils (Heckman et al., 1987; Mazen, 1995) . In the present study (Tables 4  and 5 ), the test plants tissues exhibited continuous increase in the concentrations of all metals as the ratio of sludge in soil mixtures increased, and the rate of sludge application strongly influenced the metal content of these plants. Sewage sludge has been used in forest lands (Davis, 1987) , or/and it could be incorporated as an amendment to soil growing ornamental plantings. Other strategies could also be considered. One possible strategy is to alleviate rather than to totally prevent the effect. Of the factors that strongly influence the metal uptake from the soil is soil pH (Lester et al., 1983) . Low soil pH increase metal ion uptake and according to Heckman et al, (1987) , raising it by soil liming leads to significant uptake reduction. The recommended levels are for Cd 0.05-0.2 ppm and Pb 0.5-10 ppm, while the toxic levels of these elements are 5-30 ppm and 10-100 ppm, respectively (Davis et al., 1978) . The concentration of Cd, Pb, Cu and Zn in the edible parts of the test plants treated by sewage sludge (Tables 4 and 5) were generally near the normal range and less than the toxic levels as mentioned before. 
CONCLUSIONS
The amendment of desert soil with sewage sludge showed improvement in the physical and chemical properties of the soil as soil texture, increases in water holding capacity and organic matter contents, and lower pH value in resulting mixtures.
The contents of NPK elements gradually increased as the ratio of sewage sludge increased in the mixtures. Also, there was an improvement in physiological performance of these plants, expressed as general growth, content of photosynthetic pigments, proteins and carbohydrates. There was no accumulation of amino acids and proline in these tissues. The accumulation of metals was generally higher in the root than that in the shoot system.
